Abstract: Today e-business requires an intensive knowledge exchange between participants of the global business information environment (e-business environment). Along with a large number of distributed knowledge sources representing knowledge in various formats this leads to appearance of a new direction in knowledge management called knowledge logistics (KL). The paper describes Knowledge Source Network configuration approach (KSNet-approach) to KL through knowledge fusion (KF) and an agent-based architecture of the system "KSNet" based on this approach. Some major subtasks of the approach are described in detail, with related examples being included.
INTRODUCTION E-Business requires intensive cooperation and open
real-time standard-based information/knowledge exchange between participants of the global business information environment (e-business environment). As a result, there arises a need for acquisition of the right knowledge from distributed sources, its integration and transfer to the right person within the right context, at the right time, for the right business purpose. In this paper the aggregate of the interrelated activities listed above is referred to as Knowledge Logistics (KL). The KL is based on individual user requirements, available knowledge sources, and current situation analysis in the ebusiness environment. Hence, systems operating in this area must react dynamically to unforeseen changes and unexpected user needs, keep up-to-date resource value assessment data, support rapid conducting of complex operations, and deliver results to the users/knowledge customers in a personalized way.
Here described approach addresses KL through knowledge fusion (KF). KF implies synergistic use of knowledge from different sources in order to complement insufficient knowledge and obtain new knowledge (Smirnov, 2001b) .
The main principles considered during development of the presented approach and a KF system based on this approach are originated from characteristics of modern e-business applications. These applications widely use ontologies as a common language for business process / enterprise modeling (Goossenaerts and Pelletier, 2001; O'Leary, 2000; Smirnov, 2001a ). Thus, the described approach is focused on utilizing reusable knowledge through ontological descriptions (Guarino, 1998) , with object-oriented constraint network paradigm being considered as a common knowledge notation (Smirnov, et al., 2001b) . This way of knowledge representation correlates with semantic metadata representation concept of the Semantic Web project (Semantic Web, 2001 ).
Application of intelligent agents representing their knowledge via ontologies (Weiss, 2000) was motivated by such requirements to KF systems as flexibility, scalability, and customizability. Multiagent system architecture, based on FIPA Reference Model (FIPA, 1997 (FIPA, -2001 was chosen as a technological basis for definition of agents' properties and functions. The multi-agent system architecture is described in (Smirnov, et al., 2001a) .
KSNET-APPROACH
Here presented approach is based on the assumptions that (i) knowledge as a complex resource is characterized by structure, cost, location, access time and life-time, and (ii) a knowledge worker is an owner of knowledge and a member of a team/group. The KL problem in the approach is considered as a configuration of a network which includes endusers/customers, loosely coupled knowledge sources/resources, and set of tools and methods for information processing. Network of loosely coupled sources located in the information environment will be referred to as knowledge source network or "KSNet" (Fig. 1) . The upper level represents a customer-oriented knowledge model based on a fusion of knowledge acquired from KSNet units/knowledge sources (KSs) constituting the lower level and containing their own knowledge models, some of which can be alternative.
KNOWLEDGE FUSION SYSTEM "KSNET"
Based on the KSNet-approach operational principles, the architecture and research prototype of a KF system called "KSNet" have been developed. The system's architecture (Fig. 2) ..., , 1 of the Slicing operation.
• Pruning: elimination of the set A' redundancy (the result is the set A"); • Modifying (consists of the Add, Delete and Modify operations): making some changes in the set A" (the result is the set );
A ′ ′ ′
• Validation: check for the set consistency (the result is AO A).
A ′ ′ ′
For instance, the KF system's ontologies library contains two domain ontologies ("Management", and "Supply Chain"), and tasks & methods ontology (Fig. 4) . It is necessary to create "Supply Chain Management (SCM)" ontology. In the figures presented below the hierarchical relationships ("part of") are shown as solid lines and associative relationships ("uses") are shown as dashed lines. Arrows denote references to tasks/methods (shown only for "Planning" task in Fig. 4 
Fig. 4. Ontology library containing task & methods and domain ontologies
During the Slicing operation the sets of ontology elements are selected and extracted. The slice of the "Management" ontology is presented in (Fig. 5) ; the slice of the "Supply Chain" ontology contains all its elements.
Management Product Unit
Resource Cost Centre
Fig. 5. Slice of the "Management" ontology
At the Merging operation the slices above are combined into one set. At the Pruning operation class "Management" is deleted because of its redundancy: the hierarchy cannot have two roots (Fig. 6 ).
During the Modifying operation experts make the following changes (the result is presented in Fig. 7 ): (i) deleting hierarchical relationship connecting "Cost Centre" class with "Unit" class, and adding hierarchical relationship connecting "Cost Centre" class with "Facility" class as required for more precise costs estimation in the current problem domain, and (ii) deleting classes "Operation" and "Machine" since these classes are beyond the current problem scope (relationships connecting these classes with other classes are deleted automatically). 
It is considered that for each KS its parameters such as costs, availability, access time, on-line schedule, etc. are known. KS ontology will be defined as an association of KS' elements with AO's elements: When a user request R is received by the system it is decomposed into a set of subrequests r k , which then are associated with the AO's OEs (i.e. translated into the system's terms). This association is contained in the request ontology A(R). When these operations are completed the request translated and decomposed into subrequests associated with the AO's OEs will be obtained (denoted by R′):
Fig. 7. Supply Chain Management ontology
Since the Validation operation (performed automatically and based on predefined conditions and rules) does not show any inconsistencies in the resulting set, it can be referred to as the "Supply Chain Management" AO.
When the operations above are completed a set of feasible decisions of the task Dec R can be written as: 5. EFFICIENT KNOWLEDGE SOURCES CHOICE The goal of this task is a selection of KSs to be used for the user request processing in a most efficient way according to predefined criteria such as costs and/or time. The following mathematical model is a formalization of this task.
Costs Cost or time Time required for request processing can be used as a criteria of the decision's effectiveness: Initially the KF system includes:
AO A containing some ontology elements (OE{a j }), i.e. classes O, attributes Q, domains D, and constraints C of application domain.
(10)
Also, an overall index of effectiveness Eff including estimations of both costs and time can be considered (multicriteria optimization). For instance, normalized values of cost and time (superscript N) functions can be summarized using weights w Cost and w Time :
where n is the number of OEs.
KSs S i containing some OEs {s jit } at a time instant t. Besides OEs, KS contains instances (information content I), i.e. it constitutes a constraint network CNet(S i ): where m is the number of KSs in the system, and T is the length of the KF system's life cycle.
To solve this task an application of GA is proposed. A feasible static decision dec R represents a chromosome and has the following structure:
where each dec R k, i is a Boolean variable equal to 1 if KS i is used for obtaining OE k or to 0 otherwise. Hence, dec R represents a binary matrix (Fig. 8) , whose rows are considered as genes for GA. To investigate an efficiency of GA a set of experiments with a basic GA for tasks of different dimensions have been performed, with KSs' parameters and knowledge maps being randomly generated. The results indicate that the number of required calculations for obtaining a quasi-efficient decision using even basic non-optimized GA is smaller than that in the method of exhaustive search. Fig. 9 represents the ratio of calculations number for the method of exhaustive search to that for the GA. As the task dimension grows this improvement grows nonlinearly. (Smirnov, 1999) , and a supply chain for its production.
In the first part of the example the vehicle consists of three main components: (i) body, (ii) engine, and (iii) transmission (Table 1) . It is also known that not all options presented can be combined: for instance, engine 2.0L cannot be installed on Sedan. The incompatible options are presented in Table 2 . To implement the constraint network based on the application ontology the features of ILOG Configurator are used (ILOG, 2001) . Since ILOG Configurator represents the task to be solved in the object-oriented form, the built AO can be represented via ILOG means without significant modifications.
In the second part of the example considering a supply chain the production process consists of three parallel tasks: (i) body production, (ii) engine production, and (iii) transmission production. Facilities are the plants, with known capacities and such characteristics as production cost and time. The goal is cost minimization within time limit or time minimization within cost limit (Fig. 10) .
During the task solving process the system builds a constraint network based on the related information from the system's repository and the user's request; acquires required data from appropriate sources (emulated via several databases); searches for feasible and efficient decision; and delivers the results to the user.
CONCLUSIONS
In the face of globalization in e-business and worldwide increasing competition the knowledge logistics can by very powerful to enable collaboration between global business environment members. Some of the main advantages of the developed KSNet-approach in a scope of here described fragments are: (i) using ontologies libraries with toplevel ontology facilitates problem domain description, (ii) KSNet configuration using genetic algorithm provides for a faster knowledge search and an ability to take into account additional user constraints for request processing such as time, costs, etc., and (iii) constraint networks can be used as models for a wide class of e-Business application problems description (e.g. product configuration based on the customer's requirements).
